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Abstract 
The authors of this paper have developed and tested a novel modular power unit with the variable drawbar pull category 1.4-3 
(1.4-3 tf) (drawbar pull based classification approach is used in Ukraine and some other countries) under the mark MPU-80. In 
this paper the proposed results of experimental, field and laboratory research of the ploughing unit based on this power unit are 
listed. 
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1. Introduction 
One of the most efficient ways of solving a problem that is connected with the nomenclature of tractor power 
engineering is the implementation of modular power units (MPU), the high versatility and technological adaptability 
of which is guaranteed through the variability of their drawbar pull category. 
This fundamentally new trend of tractor development is relevant for almost all of the world’s countries today, 
referred to the works of e.g. Kutzbach (2000), Steindorff et al. (2010) and Simikič et al. (2014). Yet, it is of 
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particular interest for countries, for example Ukraine, that are reforming agricultural production and have a deficit of 
tractors with the drawbar pull categories 2 and 5 (especially the latter). 
At first glance, the seemingly easiest way for solving this problem, i.e., purchasing the missing expensive power 
units from abroad or making them on one’s own, is actually quite difficult to accomplish because of the numerous 
economic problems that would arise along the way. It has already been proven by many years of using and testing 
the relevant equipment that purchasing tractors from abroad, in addition to resolving some financial issues, also 
requires developing measures for their adaptation both to the existing machine and equipment fleet as well as zonal 
edaphic-climatic conditions. Experience has shown that in some cases it can only be done through making 
considerable changes in the structure of a power unit. 
In opinion of authors, one of the ways of solving this problem is making modular power units: universal row-crop 
machines with the variable drawbar pull category 1.4–3 on the basis of wheel-type tractors with the drawbar pull 
category 1.4, and modular power units of general purpose with the variable drawbar pull category 3–5 on the basis 
of tractors with the drawbar category 3. 
The engineering feasibility and economic viability of modular power units with a variable drawbar pull category 
is proven by many years of researching and production testing the general-purpose breadboard model prepared on 
the basis of a tractor with the category 2. 
2. Materials and Methods 
The power unit МPU-80 (Fig 1) consists of a wheel-type tractor with the category 1.4 and a technological module 
(TM). The latter is an additional axle with wheel drive activated from the ground-speed power take-off shaft of the 
tractor. In its front part the TM has a hook-up mechanism through which it is attached to the linkage-mounted 
mechanism at the rear. For implement coupling with agricultural equipment, the technological module is equipped 
with an independent hydraulic linkage system, its own power take-off shaft, fifth-wheel assembly, and braking 
system. 
The rotational movement of the TM in relation to the tractor while moving on headland and copying the field 
profile in the transverse-vertical plane is guaranteed through the use of vertical and horizontal joints. The 
coordination of the peripheral speed of the wheels of the TM and the rear wheels of the tractor is achieved through 
the use of a special reduction gear on the frame of the technological module MPU-80. 
 
Fig. 1. Ploughing unit on the basis of MPU-80. 
 
                  Table 1. Technical Specifications of MPU -80. 
Technical Specifications of MPU-80 
Operating weight (kg): of the wheel-type tractor with the category 1.4 3,640 
                                     TM  2,560 
                                     MPU-80  6,200 
Engine capacity, kW  62.0 
Power/weight ratio MPU-80, kW in tonnes  10.0 
Distance between the rear wheels of the tractor and the wheels of TM, mm  2,400 
MPU-80 basis, mm  4,770 
Wheel track, mm  1,450 
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Tire size of the technological module  16.9R38 
Experimental research, operational and verification testing of the ploughing machine-tractor aggregate prepared 
on the basis of MPU-80 was organised in accordance with a method that is used in studying and testing tractors with 
the drawbar pull category 3. 
During the operating cycle, MPU-80 moved with its right-hand wheels outside of the furrow. The distance 
between its wall and the right-hand wheels did not exceeded 15 cm. 
3. Results and Discussion 
The labour intensity of the connection between the technological module and tractor is 0.2 man hours. 
Experiments proved that two machine operators spend no more than 6 minutes on this activity. 
Ploughing was done in the field after harvesting winter wheat. The soil moisture level in the layer of 0–14 cm was 
18.8%, while its density was 1,210 kg m-3. 
The average quadratic deviation of the depth of tilling with the experimental unit prepared on the basis of MPU-
80 was ±2.2 cm, while the effective operating width was ±3.8 cm. 
The analysis of the operational and technological data revealed that the output of the new unit per shift is 1.9 
times higher compared to the similar performance indicator of a basic ploughing unit in an assembly with a wheel-
type tractor with the category 1.4 and the plough ПЛН-3-35 (table 1). It is mainly achieved through a larger (by 
68.5%) effective operating width of the new machine prepared on the basis of MPU-80. 
The specific fuel flow rate in the new machine is 27.5% smaller, owing to the reduction in the skidding resistance 
of the power unit. The true value of this indicator for the MPU-80 equipped with the plough ПЛН-5-35 under the 
testing conditions did not exceeded 10%, which is indicative of its relatively good prospective towing and gripping 
properties. 
The lag hinge of the TM in the MPU-80 breadboard model is located halfway between its thrusters and the rear 
wheels of the tractor. As a result, as the tests have shown, the wheels of the technological module practically fall 
within the track of a category 1.4 tractor’s rear thrusters. Besides, the sufficient mutual angular mobility in the 
horizontal plane of the tractor and the process module do not in any way affect the agility of MPU-80: the difference 
between the minimum turning radii of a category 1.4 tractor and the technological module is 3 cm. Thus, it has 
contributed to the sufficient agility of the ploughing unit, which is proved by the relatively high value of the 
operating stroke coefficient – 0.82 (table 2). 
 
Table 2. Operational and technological properties of ploughing units. 
Indicator Indicator value 
Unit structure:  
tractor plough 
Power unit MPU-80  
ПЛН-5-35 
Tractor with category 1.4 
ПЛН-3-35 
Operating conditions:    
 effective operating width, m 1.77 1.05 
 tilling depth, cm 22.8 20…22 
 speed, km h-1 8.35  
Output capacity, ha h-1   
 main 1.47  
 variable 1.25 0.65 
Expenses:    
 labour, man·h ha-1 0.80 1.53 
 fuel, kg ha-1 12.9 17.8 
Utilization factor:    
 shift time  0.85  
 reliability of the technological process  0.99  
 operating stroke  0.82  
 
It should be noted that using the technological module within MPU leads to an increase in the minimum width 
of the headland of the unit (by 9–12%) as well as an increase in manoeuvring time (by 2–5%). At the same time, as 
the results of long-term studies have shown, the total overhead time consumption has been negligible. 
In the process of the operational and technological testing of the new ploughing unit, the compacting effect of 
the thrusters of MPU-80 on soil was assessed. The tests were performed on the stubble of winter wheat with two 
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levels of soil moisture. In one of the fields (area 1) the soil moisture of the agricultural background in the layer of 0–
15 was 12.8%, while in the other field (area 2) it was 20.8%. 
The density of the soil after the wheels of each axle of the MPU-80 had passed was registered in the layer of 0–
15 cm with the help of the radiation unit РПП-2. 
The analysis of the experimental data revealed that when not only the tractor, but the technological module 
moves along the stubble, it does not have an additional compacting effect on the soil (table 2). 
After the rear wheels of the tractor had passed, the average value of the soil density was 1.40 g cm-3. The 
passing of the wheels of the technological module increased the density up to 1.41 g cm-3. The difference - 0.01       
g cm-3- is minor, since, in terms of statistical significance, the minimal significant difference (LSD05) is 0.03 g cm-3 
(table 3). 
Hence, it can be claimed with a 95% confidence coefficient that the null hypothesis about the equality of the 
comparable average density values is not to be rejected. In other words, the statistical performance of the soil 
density after the passing of the rear wheels of the tractor and the wheels of the process module MPU-80 is the same 
in general. 
When moving along a more moist agricultural background (area 2), the thrusters of the MPU-80 have a slightly 
different effect on the soil. While the wheels of the front axle of the tractor virtually do not change the soil density, 
its rear wheels have a statistically non-random further compacting effect, even though it is insignificant. Where the 
LSD05 = 0.024 g cm-3, the actual difference between the average values of compaction after the passing of the front 
and rear wheels of the tractor was 0.060 g cm-3. As for the wheels of the technological module, even on a more 
moist background their effect on soil density (its increase) is insignificant. An increase in this value after the passing 
of the wheels of TM was only 0.01 g cm-3. In terms of statistics, values below 0.05 are insignificant. 
 
      Table 3. Soil compaction with the wheels of MPU-80. 
Indicator Indicator value in wheat stubble  
The original density 
 Area 1 Area 2 
average value, g cm-3 1.44r0.01 1.21r0.02 
average quadratic deviation, r g cm-3 0.06 0.03 
variation coefficient, % 4.17 2.47 
Soil density after the passing of the wheels of MPU-80 
1. Front axle of the tractor:  
average value, g cm-3 1.37r0.02 1.22r0.02 
average quadratic deviation, r g cm-3 0.04 0.03 
variation coefficient, % 2.92 2.46 
2. Rear axle of the tractor:  
average value, g cm-3 1.40r0.01 1.28r0.01 
average quadratic deviation, r g cm-3 0.04 0.06 
variation coefficient, % 2.85 4.68 
3. Axle of the process module:  
average value, g cm-3 1.41r0.01 1.29r0.02 
standard, r g cm-3 0.04 0.03 
variation coefficient, % 2.84 2.32 
4. Conclusions 
1. The experimental research and performance tests on the ploughing unit prepared on the basis of MPU-80 have 
shown that the power unit can be modularized with a wide range of other agricultural machines which have been 
used (and are still used) with tractors of a higher drawbar pull category, e.g., 3. 
2. When using the wheel-type tractor with the category 1.4 together with the technological module, one can do 
without the tractor with the drawbar pull category 3, which is economically very feasible. 
3. The use of the process module (as an additional drive axle) in the modular power unit does not lead to a 
significant increase in soil density (soil compaction). 
4. The use of the technological module leads to an increase in the annual load of the multi-purpose ploughing 
tractor with the category 1.4. The TM might not be used for a certain period during the year, in which case the 
amount of losses would be ca 5–7 times less than in case of a tractor being idle according to calculations. 
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